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Table 2-1 
Comparison of Slot Size and Gallons per Minute 

for a 20-foot Section of 10-inch ID Screen 

Discharge from a 1-foot 

Standard Open Area Section of Screen in gpm<2> 

Slot Size in Screen Entrance Velocity=0.1 ft/sec<3> 

(inches) (in2/ft}'1> (in2/ft)(0.3117) 
0.01 41 12.78 
0.02 72 22.44 
0.03 100 31.17 
0.04 122 38.03 
0.04 143 44.57 

Johnson Well Screen<4> 

0.03 83 25.87 
0.04 103 32.11 

Notes <1> Square inches per foot 

<2> Gallons per minute 

<3> Feet per second 

Discharge from a 20-foot Section 

of Screen in gpm with Entrance 

Velocity of 0.1 ft/sec 

Open 50% Blocked 
255.59 127.80 
448.85 - 224.42 
623.40 311.70 
760.55 380.27 
891.46 445.73 

517.42 258.71 
642.10 321.05 

<4> All figures from this piont to the bottom of the Table refer to specifications for 

Johnson Well Screens 



0 

0 

0 

Table 4-1 
Monitoring/Recovery Wells and 

Sampling Schedule 
Bayer, New Martinsville, WV 

Well Diameter Sampling Quarters 

Number 
FP-4 
FP-12 
FP-13 
FP-16 

GM-5S 
GM-5D 
GM-SB 
GM-16S 
GM-16D 

~,~J~"E¼fS;;i"{i 
tiMlrHS':g 
f~itE~r>Jt 

MW-4S 
MW-4D 

flJ~i~s~ii 
MW-9D 
MW-10S 

MW-13S 
MW13D 

~2~+tatJ 
YJM:W~1I'.S}i 

RW-1 
RW-2A 
RW-3A 

1st & 3rd 2nd & 4th 

Yes No 
Yes No 
Yes No 

Yes No 
Yes No 

Notes '"'""'"'"""""""'""'' Monitoring wells around South Landfill 

<
1
> ft-bgs = feet below ground surface. All figures 

measured prior to final grade of Landfill cover. 

<
2
> These monitoring wells are sampled annually for 

dioxin as well as the analytes list in Table 4-3 
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Table 4-2 

Existing Monitoring Wells 
South Landfill, Bayer, New Martinsville, WV 

Monitoring Total Elevaltion 

Well Depth Ground (l)TOCpvc 

(feet) (ft-MSLi2> 
LF-1S 40 636.05 637.84 
LF-1D 64 636.12 637.54 
LF-2P 18 634.55 636.38 
LF-2S 40 634.72 636.62 
LF-2D 64 634.89 636.62 
LF-3S 43 637.53 639.49 
LF-3D 68 637.73 639.65 
LF-4S 34 633.27 635.14 
LF-4D 60 633.64 635.51 
LF-5P 17 632.3 633.61 
LF-5D 59 632.52 634.1 
LF-6P 15 630.89 632.15 
LF-6S 35 630.73 632.6 
LF-6D 58 630.74 632.61 
LF-7P 15 630.56 632.14 
LF-7S 35 630.42 632.29 
LF-7D 60 631.45 632.89 

OTW-4 NIA<4> 633.26 635.46 
OTW-10 NIA 634.1 636.3 
MW-11D 57- 628.04 630.21 
MW-12D 59 632.84 634.65 

FP-17 49 636.11 637.94 
FP-19 55 625.06 626.73 

Notes (ll TOCpvc=Top of Casing (PVC) 

<
2
> ft-MSL=feet above mean sea level 

<
3
> ft-bgs=feet below ground surface 

<
4
> NIS=Not Available 

Screened Interval Screen Final Casing 

From To Length Grade Extension Transducer 

(ft-bgst> (feet) (ft-MSL) Required Installation 
30 40 10 640 4.66 
39 64 25 640 4.96 X 
8 18 10 638 4.12 

30 40 10 639 4.88 
39 64 25 639 4.88 X 
18 43 25 641 4.01 
43 68 25 641 3.85 X 
14 34 20 638.5 5.86 
35 60 25 638.5 5.49 X 
7 17 10 638.5 7.39 

34 59 25 638.5 6.9 X 
5 15 10 638.5 8.85 

25 35 10 638.5 8.4 
33 58 25 638.5 8.39 X 
5 15 10 636 6.36 

25 35 10 636 6.21 
35 60 25 636 5.61 X 

NIA NIA NIA 640.8 7.84 X 
NIA NIA NIA 634.1 0 
25 55 30 629.25 1.54 

37.5 .57.5 20 631.5 -0.65 
14 49 35 636.11 0 
15 55 40 625.06 0 

0 

Expected Monitorine: Network 

Drawdown Semi-

(feet) Annual Quarterly 
X 

1.2 

1.5 

1.4 
X 

1.3 X 

1.3 

1.3 

X 
1.2 

1.3 

X 
X 
X 
X 
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Lonvent,onals 

Conductivitv 
pH 

Sulfate 
Temperature 
Total Dissolved Solids 
Total Organic Carbon 

Table 4-3 
Bayer, New Martinsville, WV 

Groundwater Analyte List 

Metals 
Antimony 

Cadmium 
Chromium 
Lead 
Nickel 

:- 1;.-,;;,,-,,'>,ZJfE!:1•,-,,,, ·"• .,;,;,ci,.c.,.i;,"':C:'l::';j,Ti ;•. .,,,;;., "''"' -·, :;-c--····· .. , .. :1;:;_ "" .·;., r ~J<--~_, f'::l'!?J ~{(;~-£~,-c. -.::..p,,; ''""'""''''·, 
Semivo/atiles 

1,2,3-Trichlorobenzene 4-Chlorophenylphenyl ether Fluoranthene 
1,2,4,5-Tetrachlorobenzene 4-Nitroaniline Fluorene 
1,2,4-Trichlorobenzene 4-Nitrophenol Heotachlor 
1,2-Dichlorobenzene 5-Nitro-o-toluidine Hexachlorobenzene 
1,3-Dichlorobenzene 7, 12-dimethylbenzf a lanthracene Hexachlorobutadiene 
1,4-Dichlorobenzene Acenaphthene Hexachlorocyclopentadiene 
1-Chloronaphthalene Acenaphthvlene Hexachloroethane 
1-Methylnaphthalene Acetophenone Indeno[l,2,3-cd]pyrene 
1-Naphthylamine Aniline Isophorone 
2,3,4,6-Tetrachlorophenol Anthracene m,p-Cresol 
2,3-Dichloroaniline Azobenzene Methyl methane sulfonate 
2,4,5-Trichlorophenol Benzidine m-Nitrotoluene 
2,4,6-Trichlorophenol Benzo( a)anthracene m-Toluidine 
2,4-Dichlorophenol Benzo(k)fluoranthene Naphthalene 
2,4-Dimethylphenol Benzof a lpyrene Nitrobenzene 
2,4-Dinitrophenol Benzo[b ]fluoranthene N-Nitrosodibutvlamine 
2,4-Dinitrotoluene Benzo[ghi]perylene N-Nitrosodimethylamine 
2,4-Toluenediamine Benzoic Acid N-Nitrosodiphenylamine 
2,6-Dichlorophenol Benzvl Alcohol N-Nitrosodipropylamine 
2,6-Dinitrotoluene Benzyl butyl phthalate N-Nitrosopiperidine 
2-Chloronaphthalene Bis(2-chloroethoxymethane) o,p-Toluidine 
2-Chlorophenol Bis(2-chloroethyl ether) o-Cresol 
2-Methylnaphthalene Bis(2-chloroisopropyl)ether o-Nitrotoluene 
2-Naphthylamine Bis(2-ethvlhexyl) ohthalate p-Chloroaniline 
~-Nitroaniline Bisphenol A p-Dimethylaminoazobenzene 
2-Nitrodiphenylamine Carbazole Pentachlorobenzene 
2-Nitrophenol Chrvsene Pentachloronitrobenzene 
2-Picoline Cvclohexanone Pentachlorophenol 
3,3'-Dichlorobenzidine bibenzf a,h lanthracene Phenacetin 
3-Methylcholanthrene Dibenzofuran Phenanthrene 
3-Nitroaniline Diethyl Phthalate Phenol 
4,4' Methylenedianiline Dimethylphthalate o-Nitrotoluene 
4,6-Dinitro-o-cresol Di-n-butyl phthalate Pyrene 
4-Aminobiphenyl Di-n-octyl phthalate !Pyridine 
4-Bromophenyl phenyl ether Ethyl Methane Sulfonate Trimethylphosphate 
4-Chloro-m-cresol Ethyl Methane Sultanate Tnphenylphosphate 

Continued on next page 
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1, 1, 1,2-Tetrachloroethane 
1, 1, I -Trichloroethane 
1, 1,2,2-Tetrachloroethane 
1, 1,2-Trichloroethane 
1, 1-Dichloroethane 
1, 1-Dichloroethene 
1, 1-Dichloropropene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethvlbenzene 

Table 4-3 
Bayer, New Martinsville 

Groundwater Analyte List (cont.) 

Volatiles 
Acrolein Methyl Acrylate 
Acrylonitrile Methyl Ethyl Ketone 
Benzene Methyl Isobutvl Ketone 
Bromobenzene Methyl Methacrylate 
Bromochloromethane Methylene Chloride 
Bromodichloromethane Methyl-Tert-Butyl Ether 
Bromoform Naphthalene 
Bromomethane n-Butylbenzene 
Carbon Disulfide Nitro benzene 
Carbon Tetrachloride n-Proovlbenzene 
Chloroacetonitrile o-Xvlene 

1,2-Dibromo-3-Chloropropane Chlorobenzene Pentachloroethane 
1,2-Dibromoethane Chloroethane p-lsopropyltoluene 
1,2-Dichlorobenzene Chloroform Propionitrile 
1,2-Dichloroethane Chloromethane sec-Butylbenzene 
1,2-Dichloropropane cis-1,2-Dichloroethene Styrene 
1,3 ,5-Trimethy I benzene cis-1,3-Dichloropropene tert-Butylbenzene 
1,3-Dichlorobenzene Dibromochloromethane Tetrachloroethene -
1,3-Dichloropropane Dibromomethane Tetrahydrofuran 
1,4-Dichlorobenzene Dichlorodifluoromethane Toluene 
1-Chlorobutane Diethyl Ether trans-1,2-Dichloroethene 
2,2-Dichloropropane Ethvl Methacrvlate trans-1,3-Dichloropropene 
2-Chloroethylvinyl Ether Ethylbenzene trans-1,4-Dichloro-2-Butene 
2-Chlorotoluene Hexachlorobutadiene Trichloroethene 
2-Hexanone Hexachloroethane Trichlorofluoromethane 
2-Nitropropane Iodomethane Vinyl Acetate 
3-Chloro-1-Propene Isopropylbenzene Vinyl Chloride 
4-Chlorotoluene m&oXvlene 
Acetone Methacrylomtrile 

' 
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(
~.,..GERAGHTY 
,Y& MILLER. INC. 

, """1 Gro11nd- H'o,,.,. Cons11l1ants 

(Rw-1) SAMPLE/CORE LOG 
Boring/Well O kl- ! Project/No. !)/aha~ I l<0/98K:J Page / of 1, 
Site / m ~ I • • T Drilling '/ / Drilling 
Location I\ euJo,,-r,wsv,lle wv Started llp·z/1·r Completed '~3/fJS 

Total Depth Drilled _...._53/~-- (feet) 

s.mpwco;.Depltl ~ 
(fNt below land aurfaoe) Core Preacnor 

Recowty Blowapert 
From_ To (fNC) lrlChN Sample/Core 0NatpC!on 

0 ~J..,O 23 I, I 

},"1. 

2 0,0 

12-11-1~ 

1,0 

3-7-9 



:_,.GERAGHTY 
.,,..---~, MILLER, INC. 
~-.__.,,bund-Wotn- Co,m,ltonts 

Boring/Well av-I CR.w-1) 

Prepared By u/24-'icfUJ~ 

31,0 .o 

:2,5 

'3'1.0 . 3i',5 

o,o 

I 
40 ,.o 

L/'{,5"· 0 

L 6 0,6 

.( Jo 
·------· 

515 o, 

-5'2~.o '53,5 o.o 

SAMPLE/CORE LOG (Cont.d) 

Page '2 of 2 

-

.. -·-

11-,,-~~ 

~ . 

-~. 



(':YGERAGHTY 
>i.·J' & MILLER. INC. 
., Grmt11d- H·'crtN Ca,u11l1onts 

SAMPLE/CORE LOG 
Boring/Well R. W-2.J Project/No. ...m .... ow..1b"""a ..... ,i..,L.a_ _________ Page t or 3 

(J 
Site Af /JlkJ;.. ·u t.DcationCuJ ~<Zctf« WV , 

· Toeal Depth Orilled_5........_f,5 ___ (fee1) 

Drilling 
Started 1/ /6/ ~5 

I ~ed 11/6Jx:5 

Type of Sample/ · 
Hole Diameter _Cf..._ ____ (inches) Coring Devloe ...,w,..........,c;.....,t,,_/ S-'4p"'""/..:..a;t .... S"frz=q.='<l"""'n ______ _ 

Length and Diameter II oe · - , P_ 
· ofCoringDevtoe l- o.o,. IC lo,a Samplinglnterval lbwwe:'<, 

Drilling RuidUsed .... tl ..... o ..... ne _____________ Dn1ling Method lt,llow$:ft,.,. ~ 

Drilling . 
Contractor &nno Oa.Utj Co, Driller 646 f,ft Helper f/, lkf/it, 

~'o ~~o Incites 

~o.¢1 
(t9.t below land eur1ace) 

~ 
Core "'-nor 

Aecovefy Blow8 per. 

0 Ftom To (1"f) lnc:hN Samp&t,ICoft OMalpdon ,1------.----~,----~----r------------------, 

I '· 3, 

I l,o 



A~GERAGHTY 
( !MILLER.INC 
lj,G~nd-W411w Con111/141n1s 

Boring/Well f<w, 1 

Prepared By t:fhivm,kl} 

20 o 21,5 I,,; 

}, 5. 

0 

2 'l,S 16,0 I, 

3--~ o 36, 5 I, 0 
\__) 

SAMPLE/CORE LOG (Conted) 

Page '2.. ot_3_ 

V 



,_,.GERAGHTY 
,.r----~& MILLER, JNC. 

lt ...... A';ro,1nd-H'o1f'r Consulttmts 

SAMPLE/CORE LOG 
(fW-'3) 

Boring/Well ow- 2 Project/No. ...m,_c4'-'1ba.......,_~ __________ Paga J ot_3_ 
Site a ' JIii • / Drilling / / . Qrilling -, ~, 
Location w411 w~ tet L e Started 12v21, U COmpleted 'kfnlX, i"S" 

Total Depth Orilled _5 ..... Z:ic.ir_....5 ___ (feet) 

/ 
Type of Sample/ _ 

Hole---er 11"! '' < I. '.I c-UM111•1111:11 _...__,._..-:!2 ____ (mches) Coring Device --,4'~IL:..:q->p~qa,::Q~01---------

1 ........... and Diamel'2'1 
t L.Vllllj!U• o,n ":'" ~

4 
- . , , 

of Coring Oevloa _..__..._.,_,.,~,-· -~-----=~~=i--------Sampfmg Interval Cen:rmv avs: feet 

Drilling Fluid UsedPh,,1-. Wni:er Drilling Method 5'htat~,.,o' &],ts 
Drilling ~- -,, • r Ov -L I I ,, .. ,., • 
Contractor ffl'DO, 00Lfl*'1 vQ, Driller tuLfJYf Helper a, QGL,:. 
Prepared ~ n ...1 , Hammer ,_. Hammer 
By IL KtiTil44l~ Weight JU.re: Drop :3Q Inches 

Frocn To 

,~o 

t/-lf-/O. 

,c, 21,0 15 

2. 0 21.,5 1,5 'l-6-b 

:J..L/, 0 ;J.5,5 1.5 6-6-6 



..49'GERAGHTY 
F-----<& MIU.ER, INC. 
,~round-Wat" Consul1ants 

(RW-1) 
Boring/Weft Qkl-2 

Prepared By T: 1l,fuA~ 

~DlpUI 
(INl below land...., 

FflOffl To 

1/,S-

SAMPLE/CORE LOG (Cont.d) 

;t-3-? 

' . l/-tf-6 
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g 

/CF KAISER ENGINEERS BORING LOG 
PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SMOOI-TB06 

BORING LOCATION_S_W_MU_OO_l ______ _ 

DRILLING FIRM Pennsylvania Drilling Co. 

DRILLING (ft-bgs)_N_/A __ ----,G.S. ELEv.653.486 

WELL LEVEL (ft-msl) N/A CASING ELEV. N/A 

DRILLING METHOD Hollow Stem Auger /Split Spoon l---------------isT ART DATE 10129196 
NORTHING_8_1_2._24_1_16 _____ _ 

LOGGED BY_B_._S...:Q_ui_re __________ _ EASTING -3253.05424 FINISH DATE 10/31/96 

:c 
la.. 
w 
C 

w 
..J 
a.. >--
~ ffi c ,,. > II) 
v, 0 ~ 

ui (.J II) 

ui ~E: 

·-X 
2-- 50 

3-X 
4-- 50 

·-X 
6-- 50 

7-x 
8-- 50 

~x 
10-~ 50 

·~ X 
12-- 75 

13-x 
14-- 50 

~-X 
16-- 50 

17 ~ 
NOTES: 

5 

6 

II 

15 

13 

17 

18 

20 

11 

12 

11 

9 

13 

15 

5 

6 

2 

3 

2 

2 

10 

14 

10 

1 

10 

10 

17 

44 

49 

41 

19 

13 

9 

7 

0 

0 

0 

0 

0 

0 

0 

0 

ANALYTICAL 
SAMPLE 

ID 
MATERIAL DESCRIPTION 

Brown clay soil, sandstone rock fragments, 

..J 
0 
m 
::E 
>
U> 

-
r\ organic matter, little sand wood, stiff, ,.. :::::::::: 

SMOOITB06-0002 I \ nonplastic, damp, (fill) ~ -~ Granular iron oxide, med. dense to loose, t.. t \\ 
1--------+-.., da~p, (fill) r - ~ ---------------J t..t\\ 

SMOOIT806-0305 

Black-red grading to black iron oxide, occ - , , 
sandstone rock fragments, med. dense, t.. t \\ 
~~~ _, 

As above, black-brown, med. dense to 
loose, damp grading to moist 

Gray-brown sand, gravel, rock fragments, 
"\ loose to med. dense, damp, (fill) 

"\ Black clay/silt, some whiteand tan rock 
\ fragments, stiff, nonplastlc, damp, (fill) 

Red and black iron oxide, loose, damp, (fill) 

t.. t \\ _,, 
t.. t\\ _, 
t..~\\ _, 
t..t\\ _,, 
~ {!..\\ _ ,, 
~ «.,, _,, 
t.. t \\ _,, 
t.. t\\ -,, 
t.. «..,, -,, 
t\ t \\ _,, 
~ t\\ __ ,, 
o . .- ,o. 
.·.o··. 
,------
\\ =11 -,, 
t..t\\ -,, 

1--------------------tt..t\\ 
\ 

Gravel, rock fragments, dense, dry to - '' 
damp, _(fill) . {I\ t\\ ...__......._ ___________ ___, -,, 
Red iron oxide, few yellow mottles, med. ~ «.. \\ 
dense, damp, (fill) - ,, 

Black iron oxide, soft/loose, moist grading 
to dry, (fill) 

t.. t\\ _, 
t.. t\\ _ ,, 
t.. t\\ -,, 

n -

I. Depths and Elevations in feet unless otherwise noted 5. ft-bgs-feet below ground surface 
2. uses Classification based on visual-manual procedures 6. ft-msl-feet above mean sea level 
3. wh-weight of hammer 
4. wr-weight of rods 

REMARKS 

Page I of 4 

-I 

:c 
la.. w 
C 

-a 

-a 

-9 

-m 

-II 

-12 

-13 

H4 

-15 

Ha 

1 



fJ 
·_.,;.r 

ICF KAISER ENGINEERS BORING LOG 
PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SM001-TB06 

BORING LOCATION SWMU 001 DRILLING (ft-bgs) N/ A G.S. ELEV 653.486 

Pennsylvania Drillin~ Co. WELL LEVEL (ft-msl) N/A 
CASING ELEV. N/A DRILLING FIRM 

DRILLING METHOD Hollow Stem Au~er/Split Spoon ST ART DA TE l0/29/96 
NORTHING 812.24116 

LOGGED BY 8. Squire 
-3253.05424 FINISH DATE t0/31/96 

EASTING 

w I- Cl -I z-: C: 
:i: a.. >-- :::> .5 :a- ANALYTICAL -I 

:::E a:- 0 REMARKS :i: I- "" w C: 8(0 111 E 
CD a.. > II> II> Q. SAMPLE MATERIAL DESCRIPTION I-w en 

0~ ... Cl:,!: :::E a.. 
C cri JI: II> ID >- LU UIIJ 0 Q. ::, rn C cri w Q. -1- z 

a:- CD :i: 

X 
AS aoove, urne green-11rown c,ay, occ. 

I\ ""'" 10 rock fragments, damp to dry ~~. 
R 

<25 13 I\ ""'\\ 
HB 18-~ Black and red iron oxide, soft, moist, (fill) ~ ~. 

1x 
5 ~ «. \\ 
7 

~~. 
19- A K H9 

8 Brown clay and well rounded gravel, little ~ 25 10 0 
fine sand, loose, damp, (fill) % 20- '-
Brown sandy clay, few rock fragments, well 

-20 

X 
wr/6 -rounded gravel, occ. black mottles, soft, -2 

............ 
21- SMOOITB06-2022 sl. plasticity, moist, (fill) - f-21 -2 

............ --22- 75 7 >1999 - ~2 - j\ ""'" 

IX 
Black Iron oxide, occ. rock fragments, ~ ~. 
loose, saturated, (fill) R 

~ ==- \\ 
23- ~~ f-23 «,., 

50 82.4 Rock fragments, fine sand, some brown ,~ 
24-- clay, wire debris, med. dense to dense, ~4 

damp, (fill) 

25- Hydropunch perched water sample '-25 

26- ~8 

27- SMOOITB06-2430 f-27 

28- '-28 

29- r-29 

30- - -30 

X 
9 V. fine to fine sand, few red inclusions, .... 

. ! .. ~ . 

7 
"\ loose, saturated, (fill) ............ -31-

Gray-brown and black clay, little v. fine - -31 
IO -sand, soft to med. dense, med. plasticity, 

............ -32- - 75 10 3.6 damp, (fill) - '-32 -
g 

10 
............ 

X 
--

33- 13 - -33 ············ -14 -............ 
75 14 0 -

34 - :34 
NOTES: 

1. Depths and Elevations in feet unless otherwise noted 5. ft-bgs-feet below ground surface 
2. uses Classification based on visual-manual procedures 6. ft-msl-feet above mean sea level 
3. wh-weight of hammer 

Page 2 of 4 4. wr-weight of rods 



ICF KAISER ENGINEERS BORING LOG g PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SMOOI-TB06 

BORING LOCATION SWMU 001 DRILLING (ft-bgs) N/ A G.S. ELEv.653.486 

Pennsylvania Orillins Co. WELL LEVEL (ft-msl) N/A 
CASING ELEV N/A 

DRILLING FIRM 

DRILLING METHOD Hollow Stem Au~er/Split Spoon ST ART DA TE I0/29196 
NORTHING 812.24116 

8. Squire LOGGED BY EASTING -3253.05424 FINISH DA TE I0/3l/96 

LU 'z-:: OJ 
...J 

>-- C 
:c· a.. '6- ANALYTICAL ...J 

% a:- ::, .5 0 REMARKS :c I- "' LUC 8co ru E CD a.. > CD ~g SAMPLE MATERIAL DESCRIPTION I-
LU U) % a.. 
0 uj 0 ~ 3: Iii ID >- LU 

(.J GJ 0 Q. 
:::, (/) 0 

U) LU Q. _,_ z 
a:- CD :c 

4 Red.-brown v. fine sandy clay, occ. well 

8 
rounded gravel, little gray mottles, piece of 

35 latex glove, med. stiff, med. to high 65 
10 plasticity, (fill) 

36 100 14 0 a6 
9 

37 15 67 
15 

38 100 15 0 as 
4 

39 6 69 
10 

As above, damp to moist 

Q 40 100 10 0 

4 

41 8 

10 
As above, damp with saturated zones 

42 100 12 0 2 
7 

43 8 SMOOIT806-4244 As above grading to v. fine sand and clay, 3 
8 v. soft grading to med. stiff, non grading 

44 100 10 0 to high grading to low plasticity, saturated 4 
5 grading to damp 

45 7 5 
7 Red-brown v. fine to fine sand and clay, 

100 8 0 
grading to red-brown v. fine to fine sand, 

46 some clay, med. dense, moist to wet, 
8 (CL/SC) 

47 8 7 
10 

48 100 11 0 8 
3 Gray-black v. fine to fine sand, little clay, \:~-/:.:· 
6 

med. dense, moist, (SC) ...... 
49 :::~:-:::~:- 9 

7 .......... . ... .. 
75 7 0 :·.· :·. 

50 :_::·::·_::-: 
5 Gray-brown v. fine to fine sand, loose, :·_:::·:·_::-: C', 7· moist to wet, (SP) ·--· .. 

51 ···-··· 
·<rJ NOTES: 

I. Depths and Elevations in feet unless otherwise noted 5. ft-bgs-feet below ground surface 
2. uses Classification based on visual-manual procedures 8. ft-msl-feet above mean sea level 
3. wh-weight of hammer Page 3 of 4 4. wr-weight of rods 



ICF KAISER ENGINEERS BORING LOG 
PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SMOOI-T806 

BORING LOCATION SWMU 001 DRILLING (ft-bgs) N/A G.S. ELEv.653.486 

Pennsylvania Drillin!iJ Co. WELL LEVEL (ft-msl) N/A 
CASING ELEV. NIA DRILLING FIRM 

DRILLING METHOD Hollow Stem Au!iler /Split Spoon ST ART DA TE I0/29/96 
812.24116 NORTHING 

LOGGED BY B. Squire 
-3253.05424 FINISH DA TE I0/3l/96 EASTING 

w I- 0) _, 
>-- z-: .6 CL. _, :c ::::E a:- :::> .6 "0- ANALYTICAL 0 REMARKS :c I- < we 8cc IU E m CL. > CII CIIQ. SAMPLE MATERIAL DESCRIPTION I-w en 
0~ .. a:~ ::::E a. 

C cri Jl:CII ID >- w 08_ oa. :, en C z cri ~- _,_ 
:c m 

~ 12 Black v. fine to coarse sand, fine to med. 0.,-9. 
·:-o·:-

100 24 0 well rounded gravel, loose to med. dense, o:.-:o. 
52- moist, (SW) ·:-o ·:- ki2 o:.-:o. 

X 
23 ·:-o ·:-
37 o:.-:o. 

53- ·:-o ·:- f-53 
48 o:.-:o. 

·:-o ·:-
50 88 0 o:.-:o. 

54- - ·:-o ·:- f-54 

X 
37 o:.-:o. 

·:-o·:-
100 70 0 o:.-:o. 

f-55 55- ·:-o·:-
Drilled Interval o:.-:o. 

·:-o·:-
o:.-:o. 

56- ,__ ·:-o ·:- f-58 

Q X 
31 Fine to coarse sand and fine to med. well o:.-:o. 

rounded gravel, dense, wet to saturated, ·:-o·:-
34 o:.-:o. 

57- SM001TB08-5658 (SW) ·:-o·:- f-57 
28 o:.-:o. 

·:-o ·:-
58- 75 17 0 o:.-:o. 

1-58 - ·:-o·:-

X 
15 o:,-·.o. 

As above, gray-black grading to ·:-o ·:-
59- 17 red-brown, little silt, med. dense, o:.-:o. H;Q ·:-o ·:-

18 saturated o:.-:o. 
·:-o·:-

60-- 100 II o:.-:o. f-ao 
Hydropunch groundwater sample 

81- -81 

62- -82 

SMOOITB08-6085 

83- f-63 

64- • f-64 

Bottom of boring 85 ft 
65- f-65 

88- f-68 

67- f-67 

Q 88 :;5 
NOTES: 

I. Depths and Elevations in feet unless otherwise noted 5. ft-bgs-feet below ground surface 
2. uses Classification based on visual-manual procedures 6. ft-msl-feet above mean sea level 

I 

3. wh-weight of hammer 
Page 4 of 4 4. wr-weight of rods 



ICF KAISER ENGINEERS BORING LOG g PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SM002-TB01 

BORING LOCATION SWMU 002 DRILLING (ft-bgs) 19, 51 G.S. ELEv.650.1!8 

Pennsylvania Drillin!l co. WELL LEVEL (ft-msl) N/A 
CASING ELEV. N/A DRILLING FIRM 

DRILLING METHOD Hollow Stem AuQer /Split Spoon ST ART DA TE S/25/97 
NORTHING 925.62394 

P. Torres LOGGED BY EASTING -3138.85019 FINISH DA TE B/26/97 

w I- Cl _, 
>-- z~ C 

::c a.. '6--. ANALYTICAL 
_, 

::E a:- :::::>.S 0 REMARKS ::c I- < we 8CD ID E 
CD a.. > II.I II.IQ. SAMPLE MATERIAL DESCRIPTION I-

UJ (/) 
0 ~ 3: Iii a:.9- ::E a.. 

0 ui ID >- UJ UII.I OQ. 
:, 

1/J 0 
ui w 0. _,- z a:- CD ::c 

X Brown, sandy, SILT, dry (fill) ---SM002TB01-000I ~~ -·--._ ...... 
-I 1- - -~-

Drilled Interval 

2- ~ 

Q 

3--- -3 
5 Dark brown, sandy SILT, some rocks, 

K-l( 

X 
""'*-

5 SM002TBOl-0305 
pieces of plastic, dry to damp (fill) j)(-l( 

k 4- ""'* -6 K-l( 

""'* -5-- 12 ~ ~ 

X 
6 Dark brown, IRON OXIDE, brown silty clay ~·~ 

8- 1 with yellow and red flakes, white sandy f-8 
5 material with some gravel, dry to damp (fill) ~~ 

7- 40 6 f-7 - j)(-j)( 

X 
Brown, sandy SILT with gravel, sticky, -~-
white material with fine fibers, dry to damp K-l( 

f-e 8- (fill) ""'* -l)(-l( 

""'* -9-- 30 ~ ~ 

X 
5 Light gray, gravelly, SAND, dry (fill) 0,;,0, 

·:-o·:. 
10- 4 o:::o. 

l-10 ·.'·O·.'· 
10 o:::o. 

11-- 30 5 ·.'·.~:.'· 
HI 

3 Dark brown, fine silty material, some yellow ixx~x"'"' 
i,c"" 

foam-like material, dry to damp (fill) IC II 

12'- 2 II II II 
f-t2 IC II 

2 " . . •• IC IC IC 

0 

13--- 30 I " .. ". H3 

X 
I Dark brown, IRON OXIDE, gray-brown, silty 1 14- 3 SM002TBOl-1315 

clay with yellow-gray, hard, flakey material ii. "~ -14 
6 with some gravel, damp (fill) ~; 

15-- 40 I '-15 - = \1 

X 
5 Brown-black, IRON OXIDE, moist (fill) ? 'i 

18- II ~i\\ -18 ?,i 16 

~ '" 17--- 95 13 ?,1 1-17 

X 
II 

As above, moist to wet 

~ '" 9 ?'i 
HB 18- A 

~ =\\ 10 ?~i 

19-- 90 1 r.t\\ -19 

20 D( I Dark brown, IRON OXIDE, some silty ?'i n 
1/1~ material with red flakes, wet (fill) ~ =\\ 

A~· :o 
NOTES: 

I. Depths and Elevations In feet unless otherwise noted 5. ft-bgs-feet below ground surface 
2. uses Classification based on visual-manual procedures 6. ft-msl-feet above mean sea level 
3. wh-weight of hammer 

Page I of 3 4. wr-welght of rods 



ICF KAISER ENGINEERS 
(J PROJECT NAME Bayer Corp., New Martinsville, WV 

:.C.:-J BORING LOCATION_S_W_MU_00_2 ______ _ 

DRILLING FIRM Pennsylvania Drilling Co. 

WATER LEVELS 

DRILLING (ft-bgs) 19, 51 

WELL LEVEL ( ft-msl) N/ A 

BORING LOG 
BORING SM002-TB01 

----,,G.S. ELEV.6;;.;5;;.;;0~.11;.;;;.8 __ 

----1CASING ELEV. N/ A 

DRILLING METHOD Hollow Stem Auger/Split Spoon 

LOGGED 9y_P_. _T_or_re_s __________ _ 

1--------------1,START DATE 6/25/97 
NORTHING 925.62394 
EASTING -3138.85019 FINISH DATE 6/26/97 

:c 
ta.. w 
C 

21 

22 

23 

24 

25 

26 

() 27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

25 I 
2 
7 

25 
25 50 

30 

30 

80 

70 

90 

90 

I 
7 
4 

4 

4 

4 

1/12 

1/12 

5 
2 

I 
5 

I 
2 
3 

I 

100 

40 

20 

3 >100 
2 
3 
2 
2 >100 

ANALYTICAL 
SAMPLE 

ID 

SM002TBOl-2931 

SM002TBOl-3133 

SM002TBOl-3537 

SM002TBOl-3739 

SM002TBOl-394 I 

MATERIAL DESCRIPTION 

Red-brown silty material, shards of plastic, 
wet (fill) 

Dark brown-red, silty material, some silty 
clay and gravel, pieces of plastic sheeting, 
wet (fill) 

Dark brown-red, silty material, some gravel, 
pieces of synthetic woven material, wet 
(fill) 

Red-brown, SILT and SAND, some gravel, 
wet (fill) 

Layered brown-black and brown,. SLUDGE, 
moist to wet (fill) 

Brown, SLUDGE, some brown-black, silty 
material with red flakes and yellow-brown 
streaks, angular shard material, moist to 
wet (fill) 

Layered brown-black and brown, SLUDGE, 
wet (fill) 

As above 

As above, pieces of black, angular, shard 
material 

As above 

REMARKS :c 
ta.. w 
C 

ao 

a1 

a2 

a3 

a4 

as 

a6 

a1 

as 

a9 

40-"-_,,. __ ,__ _ _,__......, _____ __.__..,.,.... _______ --,. _____ __...L.;..LJ.--------"-,Qo 
NOTES: 

I. Depths and Elevations in feet unless otherwise noted 
2. uses Classification based on visual-manual procedures 

5. ft-bgs-feet below ground surface 
6. ft-msl-feet above mean sea level 

3. wh-weight of hammer 
4. wr-weight of rods Page 2 of 3 



g ICF KAISER ENGINEERS 
PROJECT NAME Bayer Corp., New Martinsville, WV 

BORING LOCATION_S_W_M_U_0_0_2 ______ _ 

DRILLING FIRM Pennsylvania Drilling Co. 

WA TEA LEVELS 

DRILLING (ft-bgs) 19, 51 

WELL LEVEL (ft-msl) N/A 

BORING LOG 
BORING SM002-TBOt 

----1G.S. ELEV._6S_O_.t_l8 __ _ 

----•CASING ELEV. N/ A 

DRILLING METHOD Hollow Stem Auger /Split Spoon 

LOGGED BY_P_. _T_or_re_s __________ _ 

1---------------sTART DATE 5125197 
NORTHING 925.62394 
EASTING -3138.85019 FINISH DATE 6/26/97 

:c 
I
D.. w 
C 

41 

42 

43 

44 

45 

46 

90 

I 
2 
I 
2 
3 
6 

20 

20 

ANALYTICAL 
SAMPLE 

ID 

SM002T801-3941 

SM002TBOl-4143 

MATERIAL DESCRIPTION 

As above, piece of wood 

As above 

As above 

...J 
0 
III 
:IE 
>
(/) 

REMARKS :c 
I
D.. w 
C 

Q 47 
90 7 

2 
I 
2 

Light gray, gravelly, SAND, damp (fill) 

Red-brown, CLAY, damp (CL) 

2 

3 

4 

5 

6 

7 

8 

9 

0 

g 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

90 

90 

3 
5 
5 
4 

5 
5 
5 

20 
80 25 

25 
32 
50 

20 29 

SM002TBOl-5557 

As above 

Black-gray, silty, SAND and GRAVEL, damp 
(SW) 

As above, brown-gray 

Gray-green, sandy, GRAVEL, wet (GW) 

As above 

Bottom of boring 57 ft 

2 

3 

4 

5 

6 

7 

8 

9 

60_.__._ __ .____...._ _ __._ _____ _._ _______________ _._ _ _._ ________ '-50 

NOTES: 
1. Depths and Elevations in feet unless otherwise noted 5. ft-bgs-feet below ground surface 
2. uses Classification based on visual-manual procedures 6. ft-msl-feet above mean sea level 
3. wh-weight of hammer 
4. wr-weight of rods Page 3 of 3 



0 

ICF KAISER ENGINEERS BORING LOG 
PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SM002-TB02 

BORING LOCATION_S_W_MU_00_2 ______ _ DRILLING (ft-bgs)_N_/A __ ----1G.S. ELEv.649.451 

DRILLING FIRM Pennsylvania Drilling Co. WELL LEVEL (ft-msl) N/A CASING ELEV. N/A 

DRILLING METHOD Hollow Stem Auger /Split Spoon 

LOGGED 9y_B_. _Sq_,_u_ir_e _________ _ 

1-------------srART DATE 10/22/96 
NORTHING 853.97613 
EASTING -3085.37841 FINISH DATE 1114196 

::c 
I
Q. 
w 
0 

2 

3 

4 

5 

e 

7 

10 

11 

75 

1-z ~ 
:::, .5 
8G) 
:z: !i; 
00. 
...J
m 

10 

15 

17 

17 

39 

32 

41 

50 19 

50 

50 

5 

8 

7 

8 

2 

2 

10 

14 

10 

75 58 

75 

9 

11 

13 

5 

c,i 
C: ;:;_ 
CU E 
GJ Q. a: Q. 
:,-
z ::c 

0 

0 

0 

0 

0 

0 

ANALYTICAL 
SAMPLE 

ID 

SM02TB02-0002 

SM02TB02-1012 

MATERIAL DESCRIPTION 

Brown clay and fine sand, some rock 
fragments, stiff, low plasticity, damp to 
moist, (fill) 

Black fine grain sludge and rock fragments, 
little well rounded gravel, bright red 
mottles, med. dense to dense, damp, (fill) 

Black fine to coarse grain sludge, some 
gravel, rock fragments, layer of slag, little 
clay, bright red mottles, med. dense, 
damp, (fill) 

Brown clay, little v. fine sand, little gravel, 
(fill) 

Black, brown, green clay and sludge (stiff, 
damp) with orange- white-gray fine 
grained material, solid, dry, (fill) 

White grading to yellow grading to 
pink-gray fine to coarse grain granular 
material, loose, damp, (fill) 

Black clay sludge, med. stiff, damp, (fill) 

Top - Black-brown fine to coarse grain 
sludge, thin layer of bright red fine grain 
granular material; Mid - black v. fine grain 
slydge; Btm - brown clay and rock 
fragments, (fill) 

Red and brown-black clay, little yellow fine 
sand, some med. to coarse gravel, med. 
stiff, moist, (fill) 

...J 
0 
m 
:::E 
>
(/) 

REMARKS ::c 
t 
w 
0 

,2_.___,_ __ .___..._ _ ___._ _____ ...,__ _______________ _.,c==---------'-1: 
NOTES: 

1. Depths and Elevations in feet unless otherwise noted 
2. uses Classification based on visual-manual procedures 
3. wh-weight of hammer 
4. wr-weight of rods 

5. ft-bgs-feet below ground surface 
8. ft-msl-feet above mean sea level 
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ICF KAISER ENGINEERS BORING LOG .g PROJECT NAME Bayer Corp., New Martinsville, WV 

:.,,..,. BORING LOCA TION_S_WM_U_0_0_2 ______ _ 

WATER LEVELS BORING SM002-T802 

DRILLING (ft-bgs)_N_/A __ ----1,G.S. ELEv.649.451 

0 

DRILLING FIRM Pennsylvania Drilling Co. WELL LEVEL (ft-msl) N/A CASING ELEV. N/A 

DRILLING METHOD Hollow Stem Auger/Split Spoon 

LOGGED BY B. Squire 

1----------------1,START DATE 10/22/96 
NORTHING 853.97613 
EASTING -3085.37841 FINISH DATE 1!/4/ 96 

::c 
t:: w 
C 

13-

14--

j 
15-

I' 
16- .,.._ 

17-

1,, 
18---

19-

20-

21- -
\/ 

22-

j 
23- '--

0 

50 

75 

0 

10 

11 

10 

10 

3 

10 

5 

2 

2 

2 

I 

2 

I 

2 

I 

0 

0 

0 

ANALYTICAL 
SAMPLE 

ID 

SM02TB02-1618 

SM02TB02-1620 

MATERIAL DESCRIPTION 

No recovery 

Brown-black fine sandy clay, some fine 
gravel, thin layer of red material, glass, 
soft, med. plasticity, moist; Mid -
orange-yellow materlal and fine sandy 
clay, little gravel, soft, moist; Btm - black 
a:ihen material, fine sand to med. gravel 
size, loose, damp, (fill) 

Maroon and black Iron oxide, fine sand to 
med. gravel size, loose to med. dense, 
saturated grading to wet, (fill) 

Hydropunch perched water sample 

No recovery 

Maroon and black Iron oxide, fine sand to 
med. gravel size, loose, saturated, (fill) 

REMARKS ::c s 
C 

1-13 

l-t4 

f-15 

HB 

1-17 

I-ta 

f-19 

-20 

-21 

-22 

~~ 
i:ti 

-23 

X I t,O\; 24_.__,. __ .__ _ _.__ ....... _____ ._L,. _______________ --11~:'L=:Jl:.\\..1..· --------'--2~4 

NOTES: 
I. Depths and Elevations in feet unless otherwise noted 
2. uses Classification based on visual-manual procedures 
3. wh-weight of hammer 
4. wr-weight of rods 

5. ft-bgs-feet below ground surface 
8. ft-msl-feet above mean sea level 

Page 2 of 5 



!CF KAISER ENGINEERS BORING LOG 
0 PROJECT NAME Bayer Corp., New Martinsville, WV 

'· ) . BORING LOCA TION_S_WM_U_0_0_2 ______ _ 

WATER LEVELS BORING SM002-TB02 

Q 

DRILLING (ft-bgs)_N_/A __ ----11G.S. ELEv.649.451 

DRILLING FIRM Pennsylvania Drilling Co. WELL LEVEL (ft-msl) N/ A CASING ELEV. N/ A 

DRILLING METHOD Hollow Stem Auger/Split Spoon 

LOGGED ey_B_. _S_.qu_ir_e __________ _ 

1---------------i"'T ART DATE l0/22/96 
NORTHING 853.97613 
EASTING -3085.37841 FINISH DATE 1114/ 96 

:I: 
la. w 
C 

25 

28 

27 

29 

30 

31 

32 

33 

34 

35 

3 

100 4 

75 

50 

75 

50 

100 

3 

4 

3 

3 

2 

2 

2 

wr/24 

ANALYTICAL 
SAMPLE 

ID 
MATERIAL DESCRIPTION 

Yellow-brown fine sand, med. dense, moist, 
(fill) 

Black, fine grain material, loose "soup", 
saturated 

Yellow-brown fine sand, med. dense, moist 
to wet, (fill) 

Red-brown v. fine sandy clay, soft to 
med. stiff, slightly sticky, med. plasticity, 
damp to moist, (fill) 

Red-brown grading to brown sludge, occ. 
bright red mottles, soft, med. plasticity, 
moist, (fill) 

Brown sludge, v. soft, med. plasticity, 
moist, (fill) 

As above, soft to med. stiff, moist grading 
to damp, chemical odor, (fill) 

...J 
0 
m 
~ 
(/) 

REMARKS :I: 
la. 
w 
C 

27 

ao 

a, 

2 

a3 

a4 

as 

38_.__._ _ __. __ .___..,_ ____ __. ________________ ...,.'4.,.. _______ """-'68 

NOTES: 
I. Depths and Elevations in feet unless otherwise noted 

2. uses Classification based on visual-manual procedures 
5. ft-bgs-feet below ground surface 
6. ft-msl-feet above mean sea level 

3. wh-weight of hammer 
4. wr-weighl of rods Page 3 of 5 
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/CF KAISER ENGINEERS BORING LOG 
PROJECT NAME Bayer Corp., New Martinsville, WV WATER LEVELS BORING SM002-TB02 

BORING LOCATION_S_W_MU_00_2 ______ _ 

DRILLING FIRM Pennsylvania Drilling Co. 

DRILLING (ft-bgsJ_N.;.../A..;__ ----1G.S. ELEv.649.451 

WELL LEVEL (ft-msl) N/A CASING ELEV. N/A 

DRILLING METHOD Hollow Stem Auger/Split Spoon 

LOGGED BY_. _B..;... • ..;;.S....,Qu_ir...;.e __________ _ 

1-------------isTART DATE 10/22/96 
NORTHING 853.97613 
EASTING -3085.37841 FINISH DATE ll/4/ 96 

w ~ ..J 
>-- z-=-a.. :c :::E a:- :::, .E 

~ Cl: we 8co a.. (/) > Cl) w 0~ 
,_ 

C u:i 3: Cl) 
UCII OQ. 

u:i w Q. ..J-a:- ID 

100 2 
37 

38 

100 2 
39 

wr/24 

40 

100 
41 

42 

75 
43 

2 
44 

100 2 
45 

2 
46 

100 2 
47 

4 

16 
48 

Cl) 

.E 
,:,-
CO E 
Cl) Q. 
a:~ 
:, 
z 
:c 

13.3 

23 

60.I 

86.6 

ANALYTICAL 
SAMPLE 

ID 

SM02TB02-4749 

MATERIAL DESCRIPTION 

As above, with layers of yellow-brown silty 
sludge, soft to med. stiff, damp, (fill) 

As above, soft, moist, chemical odor, (fill) 

As above, soft, wet grading to damp to 
moist, (fill) 

As above, damp to moist 

Brown clay, v. soft grading to med. stiff, 
saturated grading to moist/ damp, (fill) 

..J 
0 
ID 

~ 
(/) 

NOTES: 
I. Depths and Elevations in feet unless otherwise noted 5. ft-bgs-feet below ground surface 

2. uses Classification based on visual-manual procedures 6. ft-msl-feet above mean sea level 
3. wh-weight of hammer 
4. wr-weight of rods 

REMARKS 

Page 4 of 5 
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/CF KAISER ENGINEERS ·., .. o ........ J PROJECT NAME Bayer Corp., New Martinsville, WV 

BORING LOCATION_.;;S"'"'W.;..;.MU.;;......;..00.;.;;2~-----

DRILLING FIRM Pennsylvania Drilling Co. 

BORING LOG 
WATER LEVELS BORING SM002-TB02 

DRILLING (ft-bgs)_N_/A __ ----iG.S. ELEv.649.451 

0 
< .. :J 

WELL LEVEL (ft-msl) N/A CASING ELEV. N/A 

DRILLING METHOD Hollow Stem Auger/Split Spoon 

LOGGED BY__:8:.:..· ..::S.;;i.q,;;,;,ui:..::re;__ _________ _ 

1----------------1sTART DATE 10/22/96 
NORTHING 853.97613 
EASTING -3085.37841 FINISH DATE ll/4196 

::c 
t
a. w 
C 

X 
49-~ 

\ I 
50-

\ 
51--

I 
52-

\ 
53-'-

j 
54-

' 55-i-

58-

57-

58-

59-

1-z-: 
:::> .5 
80 ... 
3: GJ 
0 0. _,_ 
m 

37 

a 
C 
'6--
111 E 
GJ 0. a:,g. 
:::, 
z 
::c 

100 50/ 4 334.1 

47 

54 

35 

85 29 

20 

21 

25 

75 14 

16 

18 

32 

100 30 

ANALYTICAL 
SAMPLE 

ID 
MATERIAL DESCRIPTION 

...I 

~ 
X 
>en 

Black tar-like material with small fibers, D 
SM02TB02-4749t--_li_tt_le...:g:.ra_v_e..:.l,_so_f...:t':...m_o_is...:t,_(.:...f...:ill) ______ 

11
111~ ... i'-.~-o 

1-------i-. Med. to coarse gravel, fine to coarse ~~~~! 

SM02TB02A-5052 

SM02TB02A-5355 

SM02TB02-5880 

sand, little clay, med. dense to loose, (fill) / 17' ~ 
Brown, silty sludge, v. soft, low to med. ~ 
plasticity, saturated ~~ 

Brown, fine to coarse gravel, some fine to 
coarse sand, dense, saturated, (GW) 

Black-gray-brown, fine to coarse sand 
and fine to coarse gravel, little silt, med. 
dense to dense, wet to saturated (SW/GW) 

Brown, fine to coarse sand and fine to 
coarse, well rnd gravel, dense, wet 
(SW/GW) 

Hydropunch groundwater sample 

Bottom of boring 80 ft 

REMARKS ::c 
ta. w 
C 

-50 

-51 

-55 

-56 

~7 

f-58 

801...L.---L.-.-..L...--L--L------L-------------------L.-.-L---------L,fl ... -o 
NOTES: 

1. Depths and Elevations in feet unless otherwise noted 
2. uses Classification based on visual-manual procedures 
3. wh-weight of hammer 
4. wr-weight of rods 

5. ft-bgs-feet below ground surface 
8. ft-msl-feet above mean sea level 

Page 5 of 5 
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MFG, Inc. 

STANDARD OPERATING PROCEDURE No. 7 

MONITORING WELL DEVELOPMENT 

1.0 SCOPE AND APPLICABILITY 

!VU1 \J ~ur I'IO. ' 

Rev. No. 1 
Date: August 2000 

Page 1 of 4 

This Standard Operating Procedure (SOP) describes the protocol to be followed during the 

development of groundwater monitoring wells. Monitoring wells must be developed before they 

are used to collect groundwater samples. The procedures presented are intended to be general in 

nature. As site-specific conditions become lmown, appropriate modifications of the procedures 

may be made when approved in writing by the MFG Project Manager. 

2.0 PROCEDURES 

2.1 Development Procedure 

After construction of the monitoring well is complete, the well will be developed by surging, 

bailing and/or pumping ( e.g., positive displacement hand pump, electric pump or pneumatic 

pump). At least 24 hours must pass between completion of grouting of the monitoring well and 

development to allow sufficient curing of the grout. 

The total depth of the well will be measured in accordance with the procedures described in the 

MFG SOP entitled WATER LEVEL, IMMISCIBLE LA YER AND WELL DEPTH 

MEASUREMENT. The presence of sediment at the bottom of the well will be checked using a 

stainless steel bailer or positive displacement hand pump. Water and sediment will first be 

removed from the bottom of the well to ensure that the entire screened interval is open for water 

to flow into the well. The well should be bailed or pumped until the water removed from the 

bottom of the well is relatively free of sediment. If a bailer is used, care must be taken to avoid 

breaking the bottom cap on the well casing. 

MFG, Inc. 
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After most of the sediment has been removed from the bottom of the well, a well development 

pump (positive displacement hand pump, electric pump or pneumatic pump) should be used to 

remove water from the well. Initially, the intake of the pump should be at the bottom of the well. 

The pump intake should be raised in two- to three-foot increments to the top of the water column 

after approximately one-half of a casing volume of water has been removed from each interval. 

Next, a surge block constructed of non-reactive material (usually stainless steel or PVC) should 

be used to develop the well screen by forcing water in and out of the screened area. The surge 

block should be moved up and down in one-to two-foot increments creating a suction action on 

the upstroke and a pressure action on the downstroke. Development should begin at the top of the 

water column and move progressively downward to prevent the surge block from becoming sand 

locked. After surging to the bottom of the well, the surge block should be moved progressively 

upward to the top of the water column. 

If necessary, water may be added to the well to facilitate surging. This water should be distilled 

deionized or "clean" potable municipal water. The volume of de-ionized water added to the well 

should be noted on the Well Development Record form (Figure SOP-7-1). 

After surging, the surge block should be removed and replaced with the pump or bailer. The 

intake of the pump or bailer should be at the bottom of the well to remove any sediment that may 

have collected in the bottom of the well. The pump intake should again be raised in two- to three

foot increments to the top of the water column after approximately one-half of a casing volume of 

water has been removed from each interval. 

During development, the pH, specific conductance and temperature of the purge water should be 

periodically measured and documented on a Well Development Record form. Parameter readings 

should be collected and noted for every casing volume of water removed from the well. 

The well should be alternately surged and pumped until the field water quality parameters have 

stabilized to within 10% for specific conductance, 0.05 pH units for pH, and IEC for temperature, 

and the water is relatively clear and free of sediment. 

MFG,Inc. 
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Water removed during well development should be temporarily stored in steel drums, a portable 

storage tank or other approved storage container. Final disposal of all water generated during 

development procedures will be conducted in accordance with all legal requirements and with 

procedures discussed in the MFG SOP entitled STORAGE AND DISPOSAL OF SOIL, 

DRILLING FLUIDS, AND WATER GENERATED DURING FIELD WORK. 

2.2 Documentation and Records Management 

3.0 

A Well Development Record will be filled out by the MFG Field Geologist for each well 

developed. The Well Development Record will be submitted to the MFG Project Manager. Also, 

the daily events and other items not covered in the Well Development Record will be entered on a 

Daily Field Record form in accordance with the procedures contained in the MFG SOP entitled 

FIELD DOCUMENTATION. 

QUALITY ASSURANCE/QUALITY CONTROL 

3.1 Equipment Cleaning 

All reusable equipment used in developing the monitoring well should be cleaned prior to and 

following use. Cleaning shall be accomplished by either (1) washing with a laboratory-grade 

detergent/water solution, rinsing with clean, potable, municipal water, then rinsing with distilled 

or deionized water; or (2) steam cleaning followed by rinsing with distilled or deionized water. 

An acid rinse (0.1 N HCl) or solvent rinse (i.e., hexane or methanol) may be used to supplement 

these cleaning steps if tarry or oily deposits are encountered. The acid or solvent rinse will be 

followed by thoroughly rinsing with water. After final cleaning, equipment will be packaged and 

sealed in plastic bags or other appropriate containers to minimize contact with dust or other 

contaminant when not in use. 

MFG, Inc. 
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The Project Manager or designated QA reviewer will check and verify that documentation has 

been completed and filed per this procedure. 

MFG, Inc. 
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, 4t Designation: D 4050 - 91 

0 Standard Test Method 
(Field Procedure) for Withdrawal and Injection Well Tests for 
Determining Hydraulic Properties of Aquifer Systems 1 

This standard is ismed under the fixed designation D 4050; the number immediately roUowins the desipiation indicates the year or 
original adoptio!I or, in the case or revision, the year or last revision. A number in parentheses indicates the year or last rapproval. A 
superscript epsilon (,) Indicates an editorial change since the last revision or rapproval. 

1. Scope 
1.1 This test method describes the field procedure for 

selecting well locations, controlling discharge or injection 
rates, and measuring water levels used to analyze the 
hydraulic properties of an aquifer or aquifers and adjacent 
confining beds. 

1.2 This test method is used in conjunction with an 
analytical procedure such as Test Method D 4105 or D 4106 
to determine aquifer properties. 

1.3 The appropriate field and analytical procedures are 
selected as described in Guide D 4043. 

1.4 The values stated in SI units are to be regarded as 
standard. 

1.5 This standard does not purport to address all of the 
sefety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro
priate sqfety and health practices and determine the applica-

(Jlity of regulatory limitations prior to use. 

:l. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)2 

D4043 Guide for Selection of Aquifer-Test Field and 
Analytical Procedures in Determination of Hydraulic 
Properties by Well Techniques2 

D4105 Test Method (Analytical Procedure) for Deter
mining Transmissivity and Storativity of Nonlealcy 
Confined Aquifers by the Modified · Theis 
Nonequilibrium Method2 

D4106 Test Method (Analytical Procedure) for Deter
mining Transmissivity and Storativity of Confined 
Nonleaky Aquifers by the Theis Nonequilibrium 
Method2 . 

D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well)2 

3. Terminology 
3.1 Definitions: 
3.1.1 aquifer, confined-an aquifer bounded above and 

Q I This test method is under the jurisdiction or ASTM Committee D-18 on Soil 
ll Rock and is the direct responsibility of Subcommittee D18.21 on Ground 

Water and Vadose Zone Investigations. 
Current edition approved June IS, 1991. Published August 1991. 
2 Annual Book of ASTM StlllU!ards, Vol 04.08. 

32 

-::,;_, 
.'','I. 

below by confining beds and in which the static head ii 
above the top of the aquifer. · : 

3.1.2 co,ifining bed-a hydrogeologic unit of less permef· 
able material bounding one or more aquifers. 

3.1.3 control well-well by which the head and Row in the 
aquifer is changed, for example, by pumping, injection, of,' 
imposing a constant change of head. · --~-

3.1.4 hydraulic conductivity (field aquifer tests)-the," 
volume of water at the existing kinematic viscosity that wiJj: 
move in a unit time under a unit hydraulic gradient through·' 
a unit area measured at right angles to the direction of flow) 

3.1.5 observation well-a well open to all or part of•'-
aquifer. · · ,,::, 

3.1.6 piezometer-a device so constructed and sealed as) 
to measure hydraulic head at a point in the subsurface. · 

3.1.7 specific storage-the volume of water released from:' 
or taken into storage per unit volume of the porous medium 1 
per unit change in head. · '.. 

3.1.8 storage coefficient -the volume of water an aquifer' 
releases from or takes into storage per unit surface area of the , 
aquifer per unit change in head. For a confined aquifer, the.· 
storage coefficient is equal to the product of the specific , 
storage and aquifer thickness. For an unconfined aquifer, the·' 
storage coefficient is approximately equal to the specific ; 
yield. . ' 

3.1.9 . transmissivity-the volume of water at the existing ; 
kinematic viscosity that will move in a unit time under a unit ~ 
hydraulic gradient through a unit width of the aquifer. 

3.1.10 For definitions of other terms used in this test '. 
method, see Terminology D 653. · · 

4. Summary of Test Method . 
4.1 This test method describes the field practices in · 

conducting withdrawal and injection well tests. These 
methods involve withdrawal of water from or injection of · 

. water to an aquifer through a control well and measurement · 
of the water-level response in the aquifer. The analysis of the 
data from this field practice is described in standards such as ·. 
Test Methods D4105 and 04106. . 

5. Significance and Use 
5.1 Withdrawal and injection well test field procedures are 

used with appropriate analytical procedures in appropriate 
bydrogeological sites to determine transmissivity and storage 
coefficient of aquifem and hydraulic conductivity of con
fining beds. 

6. Apparatus 
6.1 Various types of equipment can be used to withdraw 

or inject water into the control well, measure withdrawal and 

it 
a 
ai 
u: 
7 

II 

ir 
b 
fj 

a1 
a 
a 
ti 
tc 
C1 

11 
sl 
I 
d 
a 
II 

C 

t 
s 
I 
c 
i 
a 
I 
t 
C 

C 

t 
t 
t 

t 
\ 

s 
s 
( 

s 
c 
C 

c 



d is 

me-

. the 

., or 

-the 
will 
ugh 
.ow. 
~ an 

I as. 

-om,,,----.. 
.UD'\.__,, 

ifer 
the 
the 
:ific 
the 
:ific 

fog 
anit 

test 

in 
ese 
of 

ent 
the 
1as 

are 
ate 

aw 
. nd 

4lt D4050 

''. injection rates, and measure water levels. The test procedure 
may be conducted with different types of equipment to 
achieve similar results. The objectives to be achieved by the 

·-·• use of the equipment are given in this section and in Sections 
. 7 and 8. 
'· 6.2 Control Well-Discharge or injection well test 
methods require that water be withdrawn from or injected 

•. into a single well. This well, known as the control well, must 
: be drilled and completed such that it transmits water to or 
·rro..m.t!i~ ~ltlf~r..(~~Y ~~ ~11.f.!re. .. tmc.lc,q~ 9f~~-~uiferL 
at rates such that a measurable water level change will occur 
at observation wells. The control well should be as efficient 
as possible, to reduce the head loss between the aquifer and 
the well. Well development should be as complete as possible 

·to eliminate additional production of sand or silt and 
'.consequent changes in well efficiency and pumping water 
.levels during the test The cuttings from the control well 
· · ould be described and recorded according to Practice 
D 2488. The analytical method selected for analysis of the 
"data may specify certain dimensions of the control well such 
:.S screen length and depth of screen placement. Specific 
iequirements for control wells may be given in standards for 
'specific analytical methods (see, for example, Test Methods 
04105 and 04106). · 
.·ti.6.3 Observation Wells or Piezometers-Numbers of ob
'.servation wells and their distance from the control well and 
:O,.eir screened interval may be dependent upon the test 
:method to be employed. Refer to the analytical test inethod 
· · ·· be used for specifications of observation wells (see, for 
. · pie, Test Methods 04105 and 04106). . 
t 6.4 Control Well Pump-A pump capable of withdrawal 
"f a constant or predetermined variable rate of water from 
· · · e control well. The pump and motor should be adequately 
·· · ed for: the designed pumping rate and lift. The pump or 
· otor must be equipped with a control mechanism to acljust 

· · barge rate. In the case of diesel-, gasoline-, or natural
.. ·· fueled engines, throttle settings should allow for small 

~ustments in pumping rates. Pumps equipped with electric 
_otors ~ usually controlled by adjusting backpressure on 
'e pump through a gate valve in the discharge line. Take 

·• to select a discharge rate small enough such that the rate 
,. · · be maintained throughout the test without fully opening 
e gate valve. If neither method of control is practical, split 
'e discharge and route part of the discharge back to the well 
_ ough a separate discharge line. 
, 6.5 Many aquifer tests are made at "sites of opportunity," 

t is, using existing production wells as the control well and 
· other existing w~lls for . observation of water level. In 
h cases the locations and screened intervals of the wells 
uld be compatible with the requirements of the ~ethod 

: test analysis. 
;6.6 Water-Level Measurement Equipment-Manual mea

ments can be made with a steel tape or electric tape as 
_ "bed in Test Method D 4750, with a mechanical re
. der linked to a float, or combination of pressure trans
cer and electronic data logger. 

16.6.l Mechanical Recorders-Mechanical recorders em
f:>y a float in the well to produce a graphic record of water 
yel changes. Early in the test, it may be difficult to 

· · small increments of time on the recorder chart, 
e,refore the recorder should be supplemented with addi-

tional early time measurements or by marking the trace of an 
automatic water-level recorder chart and recording the time 
by the mark. Check the mechanical recorder periodically 
throughout the test using the steel tape. 

6.6.2 Pressure Transducers and Electronic Data Log
gers-A combination of a pressure transducer and electronic 
data logger can provide rapid measurements of water-level 
change, a,nd can be programmed to sample at reduced 
frequency late in the test. Select the pressure transducer to 

. measure pressure changes equivale~t to the range of expected. 
water level changes. Check the transducer in the field by 
raising and lowering the transducer a measured distance in 
the well. Also check the transducer readings periodically with 
a steel tape. 

7. Conditioning 
1.l' Pre-Test Procedures: 
7.1.1 Selecting Aquifer-Test Method-Develop a concep

tual model of the site hydrogeology and select the appro
priate aquifer test method according to. Gui~e D 4043. 
Observe the requirements of the selected test method with 
regard to specifications for the control well and observations 
wells: . · 

7.1.2 Field Reconnaissance-Make a field reconnaissance 
of the site before conducting the test to include as much 
detail as possible on depth, continuity, extent, and prelimi
nary estimates of the hydrologic properties of the aquifers 
and confining beds. Note the location of· existing wells and 
water-holding or conveying structures that might interfere 
with the test. The control should be equipped with a pipeline 
or conveyance structure adequate to transmit the water away 
from the test site, so that recharge is' ilot induced near the 
site. Make arrangements to ensun.= . that nearby wells ·'are 
turned off well before the test, and automatic pump controls 
are disabled throughout the anticipated test period. Alter
nately, it may be necessary fo pump ~me wells throughout 
the test. If so, they should be ptimped at a constant rate, and 
not started and stopped for a duration equal to that of the 
test before nor should they be started arid.stopped during the 
test. 

1.1.3 Testing of Control Well-Conduct a short term 
preliminary test of the control well to estimate hydraulic 
properties of the aquifer, estimate 'the duration of the test 
and establish a pumping rate for the field procedure. : 

7.1.4 Testing Observation Wells_;_Test the observation 
wells or· piezometers prior to· the aquifer test to ensure that 
they are hydraulically connected to the aquifer. Accomplish 
this by adding oi: withdrawing a lcnown . volume of \Vater 
(slug) and measure the water-level response in the well. The 
resultant response should be rapid enough to_ ensure .that the 
water level in the piezometer will reflect the water level in the 
aquifer during the test. Redevelop piezometers .with unusu-
ally sluggish response. · 

1.1.5 Measuring Pre-Testing Water-Level Trends-Mea
sure water levels in all observation wells prior to start of 
pumping for a period long enough· to establish the pre
pumping trend. This period is at least equal to the length of 
the test. The trend in all observation wells should be similar. 
A well with an unusual trend may reflect effects of local 
disturbances . in the hydrologic system, or may be inade
quately developed . 
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7.1.6 Selecting of Pumping Rate-Select the pumping 

C11te, on the basis of the preliminary test (see 7.1.3), at which 
the well is to be pumped, such that, the rate can be sustained 
by the pump for the duration of the test. The rate should not 
be so large that the water level is drawn down below the 
perforations in the control well, causing cascading water and 
entrained air in the well. Under no circumstances should the 
rate be so large that the water level is drawn down to the 
water-entry section of the pump or tailpipe. 

8. Procedure 
8.1 Withdrawing or Injecting Water from the Aquifer

Regulate the rate at which water is withdrawn from, or 
injected into, the control well throughout the test The 
short-term discharge should not vary more than 10 % about 
the mean discharge. For constant-discharge tests, long-term 
variation of discharge from the beginning to end of test 
generally should be l~ than 5 %. 

8.2 Measure discharge frequently, for example every 5 
min, and if necesw-y adjust discharge during the beginning 
of the test. When the discharge becomes more stable, reduce 
the frequency of adjustments and check discharge at least 
once every 2 h throughout the test. Variations in electric line 
load throughout the day will cause variations in discharge of 
pumps equipped with electric motors. Changes in air temper
ature and barometric pressure will likewise affect diesel 
motors. Late in a lengthy test, measure and adjust discharge 
much more frequently than the water levels are measured. 

8.3 Measuring Water Level; Frequency of Measurement-c~~ure water levels in each observation well at approxi
~ately logarithmic intervals of time. Measure at least ten 

data points throughout each logarithmic interval. A typical 
measurement schedule is listed in Table 1. . 

8.4 Duration of Pumping Phase of Test-Make prelimi
nary analysis of the aquifer-test data during the test using the 
appropriate test method (such as Test Methods D 4105 and 
D 4106). Continue the test until the analysis shows adequate 
test duration. 

8.S Measuring Recovery of Water Levels: 
8.5.1 The recovery of water levels following pumping 

phase should be measured and recorded for a period of time 
equal to the pumping time. Analyze the recovery data to 
determine the hydraulic parameters of the system. The 
frequency of measuring water levels should be similar to the 
frequency during the pumping phase (see Table 1). 

8.5.2 If water level data during the early part of the 
recovery phase are to be used from the control well, the 
pump should be equipped with a foot valve to prevent the 
column pipe fluid from flowing back into the well when the 
pump is turned off. 

8.6 Post-Testing Procedures: 
8.6. l Tabulate water levels, including, pre-pumping water 

0 

TABLE 1 Typfcnl Measurement Frequency 

30s 
1 min 
Smln 

10mln 
20min 
1 h 
Sh 

Elllpsed Time, For the First 

3mln 
3to15mln 
15to 80min 
80 to 120 min 
2to3h 
3 to 15 h 
15 to 80 h 

34 

levels, for each well or piezometer, date, clock time, time 
since pumping started or stopped, and measurement point 
(Test Method D 4750). 

8.6.2 Tabulate measurements of the rate of discharge or 
injection at the control well, date, clock time, time since 
pumping started, and method of measurement. 

8.6.3 Prepare a written description of each well, describing 
the measuring point, giving its altitude and the method of 
obtaining the altitude, and the distance of the measuring 
point above the mean land surface. · 

8.6.4 Make plots of water-level changes and discharge 
measurements as follows: 

8.6.4.1 Plot water levels in the control well and each 
observation well against the logarithm of time since pumping 
began. Plot the rate of discharge, Q, of the control well on 
arithmetic paper. 

8.6.4.2 Prepare a plot of the log of drawdown, s, versus 
the log of the ratio of time since pumping began, t, to the 
square of the distance from the control well to the observa
tion well, r, that is log1oS versus log1ot/r, on a single graph 
and maintain the graph as the test pro~. Unexpected, 
rapid deviations of the data from the type curves may be 
caused by variations in discharge of the control well, or by , 
other wells in the vicinity starting, stopping or changing 
discharge rates, or by other changes in field conditions. Such 
interfering effects may need to be measured, and adjust
ments made in the final data, or it may be necesw-y to abort 
the test. 

8.6.4.3 Plot Recovery of Water Levels-Plot recovery 
data, consisting of plots of water level versus log of the ratio 
of time since pumping started (t) to the time since pumping 
stopped (t'). Prepare mass plots of log of recovery versus log 
of the quantity: ratio of time since pumping stopped (t') to 
the square of the distance from the control well to the 
observation well (r2), that is Iosuit versus logu/' /r2. 

9. Report 
9.1 Prepare a report containing field data including a 

description of the field site, plots of water level and discharge 
with time, and preliminary analysis of data. 

9.1.1 An introduction stating purpose of the test, dates 
and times water-level measurements were begun, dates and 
times discharge or injection was begun and ended, and the * 
average rate of discharge or injection. 

9.1.2 The "as built" description and diagrams of all 
control wells, observation wells, and piezometers. 

9.1.3 A map of the site showing all well locations, the 
distances between wells, and location of all geologic boundD 
aries or surface-water bodies which might effect the test. . 

9.1.3.1 The locations o.fwells and boundaries that would 
affect the aquifer tests need to be known with sufficient , 
accuracy to provide a valid analysis. For most analyses. this 
means the locations must provide data points within plotting 
accuracy on the semilog or log-log graph paper used in the 
analysis. Radial distances from the control well to the 
observation wells usually need to be known within ±0.5 %. · ~· 
For prolonged, large-scale testing it may be sufficient to ,~i 

locate wells from maps or aerial photographs. However, for 
small-scale tests, the well locations should be surveyed. All 1 

faults, streams, and canals or other potential boundaries 
should be located. When test wells are deep relative to their 
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cing it may be necessary to conduct well-deviation 
eys to determine the true horizontal distance between 

ell screens in the aquifer. 
. 9.1.4 Include tabulated field data collected during the test. 

. Precision and Bias 
··.· 10.1 It is not practicable to specify the precision of this 
· · method because the response of aquifer systems during 

aquifer tests is dependent upon ambient system stresses. No 
statement can be made about bias because no true reference 
values exist • 

11. Keywords 
1 I.I aquifers; aquifer tests; discharging wells; drawdown; 

ground water; hydraulic conductivity; injection wells; re
covery; storage coefficient; transmissivity 

· · · · The Amerlcsn Society for T8Sllng BIid MBlerisls takes no posttlon 19Sp6Clfng the validity d aiiy palM rights asserted In connection 
with any Item mentioned In this standard. Users d this standerd BJe expressly advised that determination of the validity of any such 
patent rights, and the risk al Infringement of such rights, are sntirely their own responsibility. 

This stB/ldard Is subject to lf1Vlslon at eny time by the responsible techn/cal committee end must be reviewed every five yea,a and 
N not revised, either respproved or withdrawn. Your comments are Invited either for revision ol lh/s stBndsrd or for addlt/OIIBI standards 
BIid should be addressed to ASTM Headquam,rs. Your comments will nJCelw CBlflful consideration It II meeting of the responsible 
techn/clll committee, which you may attend. N you feel that your comments have not received a felr hearing you should me/re your 
views known ID the ASTM Committee on Standards, 1916 Race sr .. Ph/l«lelph/11, PA 19103. 
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This Standard Operating Procedure (SOP) describes the protocol to be followed during 

performance of a constant-discharge pumping test or a "slug test." The procedures presented 

herein are intended to be general in nature; as the work progresses and when warranted, 

appropriate revisions may be made when approved in writing by the MFG Project Manager. 

2.0 PROCEDURES 

0 2.1 Constant-Discharge Test 

0 

The performance of a constant-discharge pumping test involves three phases: 1) pre-test 

measurements; 2) pumping portion of the test; and 3) recovery portion of the test. Pre-test 

measurements include water level measurements which indicate water level trends in the test 

area. These effects must be accounted for when test data are analyzed. The pumping portion of 

the test involves monitoring water levels in the pumping well and observation wells while the 

discharge in the pumping well is kept fairly constant. Groundwater samples may be collected 

during this phase. The recovery portion of the test occurs after pumping is stopped and 

involves the measurement of recovery water levels in the pumped well and observation wells. 

MFG, Inc. 
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2.1.1 Pre-Test Measurements 

2.1.1.1 Water Level Measurements 
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Prior to conducting a pumping test, water level measurements should be taken in the pumped 

well and all observation wells (other monitoring wells and piezometers) to be monitored during 

the test to describe the pre-test potentiometric surface and its natural variability (refer to MFG 

SOP entitled WATER LEVEL, IMMISCIBLE LA YER AND WELL DEPTH 

MEASUREMENT). Measurements in both the pumped well and observation wells should be 

taken at least every 4 hours for a minimum of three days before the pumping test begins. More 

frequent water level measurements in one or more wells using a continuous recording device 

may be used to substitute for the 4-hour measurement requirement in the pumped well and all 

observation wells. 

Prior to beginning the pumping test, watches, the datalogger and other timing devices to be 

used in the test should be synchronized. 

The water level measurements will be made with an electric water level probe, steel surveyors' 

tape or continuous recording device (Stevens recorder or pressure transducer/recorder). 

Accuracy of water level measurements prior to and during the aquifer test will be to within plus 

or minus 0.02-foot in the observation wells. 

An observation well may be monitored continuously with a Stevens Type F water level 

recorder or a pressure transducer/recorder. 

If water levels are measured by hand, all pre-test water level measurements for the pumping 

well and observation wells will be recorded on a Pumping Test Record form (Figure SOP-14-

1 ). The same form will be used during the pumping portion of the pumping test. 

MFG,Inc. 



0 

0 

0 

2.1.1.2 Barometric Measurements 

.1.Y.&..&. '-' U'-'.&. .&.,Ve .I.I 

Rev. No. 1 
Date: August 2000 

Page 3 of 12 

A record of barometric changes in the vicinity of the pumping test site shall be obtained for the 

pre-test and test period. This record will be used to monitor changes in water levels caused by 

barometric effects. A recording barograph or record from a nearby weather station is 

acceptable. 

2.1.2 Pumping Portion of Test 

2.1.2.1 Measurements to be Taken 

During the pumping portion of the pumping test, the following measurements will be made: 

1) water levels in both the pumped well and the observation wells; 2) instantaneous and 

cumulative discharge from the pumped well; and 3) time at which these measurements are 

made. Samples of the discharge water may also be collected periodically during the test for 

chemical analysis or field testing. All data will be recorded on the Pumping Test Record form 

(Figure SOP-14-1) for the appropriate well. 

2.1.2.2 Water Levels 

Pumped Well: 

The water level measurements in the pumped well should be taken according to the 

time schedule outlined below. More frequent measurements may be used. 

Time Since Pumping Started 
0 10 minutes 
10 15 minutes 
15 60 minutes 
60 300minutes 

300 1440 minutes 
1440 - shut down of pump 

MFG, Inc. 

Time Intervals 
0.5 - 1 minute 

1 minutes 
5 minutes 
30 minutes 
60 minutes 

480 minutes (8 hours) 
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Observation Wells: 
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Stevens Type F continuous recorders or pressure transducer/datalogger may be 

installed in the observation wells. Water level measurements may be taken in these 

wells using an electric water level probe or steel surveyors' tape for calibration when 

the Stevens recorder or transducer/recorder is installed, and whenever the recorder 

chart paper is changed or the recorder is adjusted in any way. If a continuous recorder 

or pressure transducer/datalogger is not used, then water level measurements may be 

taken using an electric water level probe or steel surveyor's tape according to the 

following schedule: 

Time Since Pumping Started 
0 60 minutes 

60 120 minutes 
120 240 minutes 
240 360 minutes 
360 1440 minutes 
1440 shut down of pump 

Time Intervals 
1 minute 
5 minutes 
10 minutes 
30 minutes 
60 minutes 

480 minutes (8 hours) 

The time of measurements and water level measurement will be entered in the appropriate 

columns of the Pumping Test Record form (Figure SOP-14-1) for the pumped well and 

observation wells. If a Stevens recorder or pressure transducer/recorder is used, water level 

calibration and pertinent notes will be entered on the Pumping Test Record form. 

2.1.2.3 Discharge Rate 

Discharge from the pumped well will be measured using either of the following methods: 

1) totalizing flow meter and stopwatch; 2) circular orifice meter; 3) Venturi meter; 4) Parshall 

flume; or 5) calibrated container and stopwatch. The discharge reading and time of reading will 

be entered on the Pumping Test Record form for the pumped well. 

Discharge should be maintained within plus or minus 5 percent of the designated rate by means 

of a globe valve or other throttling device. Discharge will be checked and adjusted, if 

necessary, every 10 minutes during the first hour of pumping, at 30-minute intervals for the 

following 5 hours, and at one-hour intervals thereafter. Time of measurement and rate of 

MFG, Inc. 
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discharge will be entered on the Pumping Test Record form for the pumped well (Figure SOP-

14-1 ). If the pump is driven directly by an engine, the engine speed (in RPM) should be 

checked and noted every hour during the test. If the pump is run by an engine or a generator, 

the fuel level and the oil level in the engine or generator will have to be checked periodically, 

and fuel and/or lubricating oil added when necessary. 

2.1.3 Sampling of Discharge Water 

2.1.4 

Samples of discharge water from the pumped well may be collected at time intervals specified 

by the MFG Project Manager, provided such sampling does not interfere with water level 

measurements. The temperature, pH, and specific conductance of the samples will be measured 

in the field when the samples are collected. The samples will be preserved for subsequent 

chemical analysis by an authorized laboratory in accordance with the MFG SOP entitled 

WATER QUALITY SAMPLING. The time the samples were collected and field 

measurements of water quality parameters will be recorded on the Pumping Test Record form 

(Figure SOP-14-1) for the pumped well. 

Duration of Pumping 

The target duration of the pumping portion of each pumping test will be established prior to 

beginning the test. During the test, time-drawdown and/or distance-drawdown curves for the 

observation wells may be plotted on semi-logarithmic paper to assist in evaluating if the test is 

running well and deciding on the time that the pump should be shut off. If the plots indicate 

steady-state conditions ( e.g., the interception of a recharge source), the test may be ended 

before its target duration. The pumping portion of the test may be extended, at the discretion of 

the MFG Project Manager, to evaluate hydrologic boundaries or other transient conditions. 

MFG,Inc. 
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Failure of pumping operations for a period greater than one (1) percent of the elapsed pumping 

time will require suspension of the test until the water level measured in the pumped well has 

recovered to within two (2) percent of the total drawdown in the pumped well during pumping. 

Recovery in the pumped well will also be considered complete after the well has not been 

stressed for a period at least equal to the elapsed pumping time of the aborted test, or if any 

three successive water level measurements, at least 30 minutes apart, show no further rise in the 

water level in the pumped well. When recovery is complete, the pumping portion of the test 

may be resumed. 

2.1.6 Recovery Portion of Test 

After the pumping portion of the test has been completed, the pump will be shut off. Water 

level measurements will then be taken in the pumped well and observation wells in accordance 

with the schedule presented below: 

Time Since Pumping Stopped 
0 15 minutes 
15 60 minutes 
60 300 minutes 

300 1440minutes 
1440 End of test 

Time Intervals 
1 minute 
5 minutes 

30 minutes 
60 minutes 

480 minutes (8 hours) 

Water level measurements will continue in the pumped well and observation wells until the 

water level in the pumped well has recovered to its pre-pumping level, or until a length of time 

equal to the pumping period has elapsed. 

The water level data (water level below MP) and time at which measurement is made for each 

well will be entered on a Pumping Test Record form (Figure SOP-14-1), using the columns for 

the recovery portion of the test. 

MFG, Inc. 
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2.1.7 Pump Discharge 

The water discharged from the pumped well should be prevented from entering the water

yielding zone being tested. If concentrations of chemicals in the discharged water are 

suspected to be above regulatory limits for discharge to natural water courses, the water from 

the pumped well shall be collected for appropriate treatment and/or disposal. 
C 

2.2 Slug Tests 

2.2.1 

Falling-head or rising-head permeameter tests ("slug tests") may be performed on piezometers 

and monitoring wells to estimate the lateral hydraulic conductivity of the water-bearing strata. 

Although the radius of influence (i.e., portion of the water-yielding zone tested) is smaller for a 

slug test than for long-term pumping tests, this testing method is often selected due to the low 

productivi1'J and/or small available drawdown in wells. Another important consideration is that 

many locations can be evaluated with the slug test method for the same level of effort and cost 

of one pumping test. 

Testing Equipment 

A slug test consists of instantaneously raising or lowering the water level in a well and then 

monitoring the change of the water level through time. The slug tests will be performed by 

rapidly submerging (slug-in test) or retracting (slug-out test) a slug of known volume. A 

typical slug used in 2-inch wells is constructed of a sealed, 1-inch diameter, stainless steel 

pipe. The displacement volume of the slug will be measured prior to the test program. 

A pressure transducer with an appropriate operating range will be used to measure the water 

levels during the slug tests. The pressure readings will be recorded and converted to feet of 

water above the transducer using a datalogger. The datalogger is programmed to record the 

water levels at one-second intervals at the beginning of a test and to logarithmically increase 

the sampling interval to several minutes toward the end of the test. 

MFG, Inc. 
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Upon arrival at a test well site, the static water level and total depth of the well will be 

measured with an electric water level probe or steel surveyors' tape (see the MFG SOP entitled 

WATER LEVEL, IMMISCIBLE LA YER AND WELL DEPTH MEASUREMENT). The 

pressure transducer is then secured in the well to a depth below the lowest point to which the 

slug will be lowered. Before starting the test, sufficient time will be allowed for the water level 

in the well to adjust to the displacement caused by the transducer and cable, and for the 

transducer to equilibrate to the water temperature. During this period, the water level in the 

well will be monitored electronically using the datalogger and measured periodically with the 

electric water level probe or steel surveyors' tape to confirm that static water level conditions 

exist. Next, the slug will be lowered to a point just above the water level in the well and then 

rapidly submerged to begin the test. 

As data are collected, the water levels displayed by the datalogger will be examined to monitor 

trends and the progress of the test. Manual water level measurements also will be taken during 

the test to confirm the transducer readings. Each test will proceed until the water level attains 

at least 95 percent recovery from the slug displacement. Following completion of the slug-in 

test, a slug-out test will be performed by rapidly pulling the slug out of the water and 

monitoring the recovery of water level in the same manner as for the slug-in test. In some 

cases, more than one slug-in and/or slug-out test may be performed to provide additional 

confirmation of the results. 

2.2.3 Equipment Decontamination 

Prior to the first slug test and between each test, the slugs, transducer, cable and water level 

probe ( or steel tape) will be decontaminated in accordance with MFG SOP entitled 

EQUIPMENT DECONTAMINATION. 

MFG, Inc. 
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2.3 Data Analysis 

2.3.1 Data Processing 
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The data collected by the datalogger are stored in the memory of the datalogger and then 

transferred to a cassette tape or to a computer in the field. If not transferred directly to a 

computer, these data are subsequently transferred to a computer for field data quality checks 

and data analysis. When transferred to computer, the data sets are transferred to files in 

comma-delineated ASCII format. The contents of each data file are imported to a spreadsheet 

program which allows the data manipulation and graphical presentation needed to calculate the 

hydraulic parameters of the water-yielding zone. 

2.3.2 Slug Test Data Analysis 

Slug tests in confined zones will be analyzed primarily by the method described by Cooper, 

Bredehoeft and Papadopulos (1967), whereas slug tests in semi-confined to unconfined water

yielding zones will be analyzed by the method discussed by Bouwer and Rice (1976). The 

Bouwer and Rice (1976) method is also applicable to confined aquifers and may be used to 

compare the results of the Cooper et al. (1967) method for confined aquifers. 

Summary of Cooper. Bredehoeft and Papadopulos Method 

Cooper et al. ( 1967) derived a solution using a partial differential equation for radial flow for 

the response of a finite-diameter well to an instantaneous "slug" of water. The method of 

analysis involves plotting the results of the slug test as H/H0 versus log t (time), where: 

H = head inside the well above or below the initial head at time t after injection or 
removal of the slug. 

H0 = head inside the well above or below the initial head at the instant of injection or 
removal of the slug. 

The slug test plot is then compar~d against a set of "Type Curves" derived and published by 

Cooper et al. (1967) and Papadopulos, Bredehoeft and Cooper (1973), using a curve matching 

method, such that curves are moved parallel to H/Ho to match each other. When the best match 
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between the data plot and type curves is obtained, a value oft is selected at the Ttlr/ = 1 match 

point. The transmissivity (T) is then calculated using the following equation: 

2 

T=~ 
t 

where: re = radius of the well casing. 

The hydraulic conductivity (K) is obtained from the T value by: 

where: b = thickness of water-yielding zone. 

This method assumes that the water-yielding zone is homogeneous, isotropic, and of uniform 

thickness, and that the tested well is screened throughout the thickness of the water-yielding 

zone. 

Summary of Bouwer and Rice Method 

Bouwer and Rice ( 1976) presented a procedure for analysis of slug test data from an 

unconfined aquifer. _Based on an electrical analog, Bouwer and Rice provided a convenient set 

of curves relating the effective radius (Re) to the other well dimensions. This procedure is 

based on a modification of the Theim equation for steady state groundwater flow. 

where: 
K 
L 

Yo 
Yi 
t 
re 
rw 
Re 

= 
= 
= 
= 
= 
= 
= 
= 

K = r} ln(Re lrw) 1 lnr0 

2L t Y, 

Hydraulic conductivity 
Screen length 
Head of water at time ( o) 
Head of water at time (t) 
Time 
Inside radius of casing 
Radius of casing plus thickness of filter pack 
Effective radius (value of Re obtained from the set of curves given by Bouwer 
and Rice) 

MFG, Inc. 



0 

0 

0 

3.0 

Rev. No. 1 
Date: August 2000 

Page 11 of 12 

This method estimates the hydraulic conductivity without calculating transmissivity. The 

results of the slug tests are plotted as a semi-logarithmic graph of Y1 versus t. The values of Y1, 

Y0 , and tare obtained from the straight-line portion of the graph, and the value ofK is 

calculated. 

If the water level fluctuates within the screened interval or below the base of the bentonite seal 

in the well, the following correction will be made to include the porosity of the filter pack in the 

cross-sectional area of the well (Bouwer and Rice (1976)): 

where: 
r0 = radius of the well including estimated filter pack porosity 
r = radius of the well screen 
n = estimated porosity of the filter pack 
R = radius of the bore hole 

QUALITY ASSURANCE 

3.1 Calculation Check 

All data and calculations recorded on the Pumping Test Record will be reviewed prior to use. 

The reviewer will be a technically qualified hydrologist or hydrogeologist, as designated by the 

MFG Project Manager. Record of the calculation review will be made by the reviewers initials 

and date ofreview on the original Pumping Test Record form. 

3.2 Records Review 

The project manager or designated QA reviewer will check and verify that documentation has 

been completed and filed per this procedure. 

MFG, Inc. 
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